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according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 6 sheets. 

j~Xj It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 



□ 
□ 



in 



contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readble form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see 3ox II). 



4. With regard to the title, 

rX^ the text is approved as submitted by the applicant. 

the te\1 has been established by this Authority to read as follows: 



With regard to the abstract, 

' I the te«t is approved as submitted by the applicant. 

~Jf~ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box ill. The applicant may, 
' — within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with tne abstract is Figure Nc. J 

; ' as suggested by the applicant. j None of the figures. 

because the applicant failed to suggest a figure. 
DCj because this figure better characterizes the invention. 
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Fnis international Searching Authority found multiple inventions in this international application, as follows: 



see additional sheet 



"1 As all required aoditiona: search, fees were timeiv paid py tne applicant, this intemationa. Sealer Report covers al 
-J searchable claims 



As ai' searchapse claims could he searched witnout efton justifying an additiona 
o* any additiona tee 



r. this Authcit\ die no* invite payment 



As on<\ some c* tne require:: additiona sea-:- >ees v\ere timely paid Pv tne appi-car 
:ove-scmv tnose naims fc un-cr *ees >\e r e :ac. spe::fi;a :; \ cian^s Nos.. 



tms mte'naticna Search Report 



Mc reaves additona. seamn fees we-e timeu paid py tne applicant. Consequently, tms mteroat.ona! Search Repo-t :s 
rest-ctec t: tne invention fi-st mentioned r- tne ciaims: i: is :cve-ed Pv ciaims \os. 



Remark on Protest 



^ne aaait-.c-na sea- or. fees were a:::mpan ec p\ tne applicant's prcte 
~X~ Nc protest accompanied tne payment add : tiona" sea-cn fees. 



Fprrr PC 7 ISA 21 v ' continuation o' fmst sneet ■ 4 • ■ jjiy 1 995 • 



Mi m PCTCA 00 00807 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in tnis international application, as follows: 



1. Claims: 1-34.36 

Solvent vapour recovery system 



2. Claims: 35. 37-40 



Vapour management system 
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Box til TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet) 



A vapour recovery system (1 0) and method for volatile chemicals which enhances the 
efficiency and safety of the process of recovering the vapour is disclosed. The volatile 
substance is vaporized in a distillation unit (1) under the control of a computerised heating 
system. The resulting vapour is first directly condensed by bubbling the vapour directly into 
the liquid phase (14) of that volatile substance. Any vapour that remains after having passed 
through said liquid phase accumulates above the liquid phase (14) and is allowed to escape 
into a vapour management module (31). The vapour management module (31) facilitates 
efficient condensation of the vapour by allowing heat exchange from the vapour to a material 
(44) contained within said vapour management module (31). Upon cooling in the vapour 
management module (31), the vapour condenses, and can run back into the liquid phase 
(14) through which is had passed when in the vapour phase. The vapour management 
module (31) has an exhaust that is substantially free of the vapour. 
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1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 8 sheets, including this cover sheet. 

£3 This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 1 0 sheets. 




3. This report contains indications relating to the following items: 



I 


E3 


II 


□ 


III 


LJ 


IV 


s 


V 


H 


VI 


□ 


VII 


H 


VIII 





citations and explanations suporting such statement 



Certain observations on the international application 



Date of submission of the demand 
06/02/2001 


Date of completion of this report 
30.1 1.2001 


Name and mailing address of the international 
preliminary examining authority: 

^v" European Patent Office 

Mrt D-80298 Munich 
HV 1 Tel. +49 89 2399 - 0 Tx: 52365C ep : nu d 
Fax: +49 69 2399 - 4465 


Authorized officer 

rersichini. C (C j) 
Telephone No. *4S 39 2399 0617 <ts~zS^ 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/CA00/00807 



I. Basis of the report 

1 With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 

1-22 as originally filed 

Claims, No.: 

-I -55 as received on 01/05/2001 with letter of 01/05/2001 

Drawings, sheets: 

1/7-7/7 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. H This report has been established as if (some of) the amendments had not been made, since they have fc 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to 
report.) 

see separate sheet 

6. Additional observations, if necessary: 



IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

E9 neither restricted nor paid additional fees. 

2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

□ not complied with for the following reasons: 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

£3 the parts relating to claims Nos. 1-34, 36. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1-11,23,24,28,31,32,33 

inventive step (IS) Yes: Claims 

No: Claims 1-34,36 
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Industrial applicability (IA) Yes: Claims 1-34,36 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supportea by The description, art? made, 
see separate sheet 
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(1) US-A-5 873 980 

(2) US-A-5 336 376 

(3) FR-A- 657 685 



Re Item I 

The applicants filed new claims 1 to 55 in order to replace the originally filed claims 1 to 
40. However, it is neither obviously clear that the combinations of features as 
expressed in the amended and the additional claims can be deduced from the originally 
filed application documents, nor did the applicants indicate the provenance of these 
combinations of features. Therefore, these claims are objected under Art. 34(2)(b) 
PCT and items IV, V, VII and VIII of this report are based on the originally filed 
claims 1 to 40. 

Furthermore, introducing additional claims 45 to 55 concerning a subject-matter not 
having in common any inventive technical features or inventive concept with the 
subject-matter of the originally filed claims and having the new subject-matter searched 
and examined is not possible at this state of the PCT-proceedings, even if this subject- 
matter meets the requirements of Art. 34(2)(b). 

Re Item IV 

1 . As expressed by the "International Searching Authority" in the letter dated 

27/10/2000 and in a communication Of 16/05/01, claims 1 to 40 as originally filed 
are not considered as complying with the requirements of unity of invention 
according to Art. 17(3)(a) and Rules 13.1 and 13.2 PCT: 

1.1 The only common technical features of the independent apparatus claims 1 and 
35 are, that a system (module) is provided to which vapour can be passed and 
which is suitable for condensing the vapour. 

As the subject-matter defined by these features is well known in the art (each 
condenser exhibits these features), claim 1 does not have any inventive technical 
features in common with claim 35. 

Also, when considering the effects associated with the features of the claims as a 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/CA00/00807 
EXAMINATION REPORT - SEPARATE SHEET 



whole no single general inventive concept can be seen: 
The remaining features of claim 1 concern an evaporator and a second 
condenser, whereas the remaining features of claim 35 concern further features of 
the first condenser. Thus, these remaining features of claims 1 and 35 do not add 
a supplementary single general concept to the non-inventive concept following 
anyway from the common features of the two claims. 

1 .2 Consequently, the following two groups of subject-matter, which do not satisfy the 
requirement of unity, can be distinguished: 

Group 1 which is formed by independent claim 1 and dependent claims 2 to 34 
and 36. 

Group 2 which is formed by independent claim 35 and dependent claims 37 to 40. 

2. According to Art. 1 7(3)(a) PCT and to the request of the applicants (see letter of 
08/12/2000) searches have been performed for both subject-matter. 
With the communication of 16/05/01 the applicants were invited either to restrict 
the claims to one subject-matter or to pay an additional examination fee. Since the 
applicant has neither indicated on which subject-matter searched by the search 
division the further prosecution of the application should be based, nor paid a 
further examination fee, the examination will be carried through for the subject- 
matter of group 1 which is considered to relate to the main "invention". 



Re Item V 

1 . Document (1 ) discloses a solvent vapour recovery system (see (1 ), column 3, 
lines 25-37) comprising a distillation module (reference signs according to 
document (1)) with a distillation chamber E for the solvent and heating means W, 
HP for heating the chamber, a direct condensation module F, RC, C comprising a 
container for condensing the vapour and collecting the solvent in the liquid phase, 
a conduit A for directing the vapour substantially without condensation from the 
distillation chamber to the direct condensation module (concerning the inclination 
of the conduit it is made reference to item VIM, point 2 of this communication), a 
vapour management module RC, T for condensing vapour remain ng 
uncondensed by the direct condensation module and a conduit C for allowing 
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passage of vapour from the direct condensation module to the vapour 
management module. 

Documents (2) (see Fig. 1) and (3) (see Fig.), as well disclose all the 
constructional features of apparatus claim 1 and are, therefore, also novelty 
destroying for the subject-matter of this claim. 

Therefore, claim 1 does not meet the requirements of Art. 33(2) PCT. 

2. In the light of documents (1 ), (2) and (3), the general knowledge of the skilled 
person and in view of the routine proceedings a responsible engineer carries 
through in order to optimize an apparatus (eg automatization) with regard to the 
respective circumstances the features of the dependent claims 2 to 34 and 36 
appear to be either known or evident. Thus, the dependent claims do not meet the 
requirements of either Art. 33(2) or (3) PCT. 

Re Item VII 

1. Independent claim 1 is not in the two-part form in accordance with Rule 6.3(b) 
PCT, which in the present case would be appropriate, with those features known 
in combination from the prior art (see eg document (1)) being placed in the 
preamble (Rule 6.3(b)(i) PCT) and with the remaining features being included in 
the characterising part (Rule 6.3(b)(ii) PCT). 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

3. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed eg in the document (1) is not mentioned in the description, nor is this 
document identified therein. 
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Re Item VIII 

The present set of claims does not meet the requirements of Art. 6 PCT: 

-I The feature "direct condensation module" in claim 1 is not clear. It is interpreted to 
mean that the vapour is condensed by direct contact with the cooling liquid (ie with 
liquid resulting from previously condensed vapour). 

2. The features "said conduit means sloping downwardly towards said distillation 
chamber to allow any condensate formed within said conduit to drain into said 
distillation chamber" seems to be in contradiction to the description (see eg page 
8, lines 12 to 14) and the figures (see Figs. 1 and 5). 

3 The features of claim 3 are either redundant with regard to the features of claim 1 
("a vapour management module for condensing vapour ...") or are not understood. 
In any case, claim 3 is unclear and renders claim 1 unclear, as well. 

4. Claim 6 is interpreted to mean that the heat absorbing material is a combination of 
inert solid mass and liquid resulting from the condensation of the vapour. 

5. It is supposed that the "conduit" mentioned in claims 7 and 8 and the "conduit 
means" defined in claim 1 are the same. 

6 The features of claim 9 seem to be redundant to the features of claim 1 ("a vapour 
outlet located above the surface of said liquid") . Thus, claim 9 is unclear and 
renders claim 1 unclear, as well. 

7. A part of the features of claim 23 seem to be redundant with regard to the features 
of claims 1 and 2. 

8. The feature "and said vent" in claim 36 is not clear as no vent is defined in claim 1 
to which claim 36 refers. 
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computerised heating system. The resulting vapour is first directly condensed by bubbling the vapour directly into the liquid phase 
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VAPOUR MANAGEMENT SYSTEM 
BACKGROUND OF THE INVENTION 

Volatile solvents are used in many industrial processes in which the volatile solvent is 
used for cleaning purposes. As a result of such use the volatile solvent becomes 
5 contaminated with foreign matter. Due to the cost of such volatile solvents, environmental 
concerns, and the cost of disposing of such contaminated volatile solvents, it is desirable to 
maximize the use that can be made of the volatile solvent by removing the contamination 
from it by recycling it into the purified solvent form for further use in the industrial 
process. 

10 

In addition to industrial processes requiring purification and recovery of volatile 
solvents, there are also many industrial processes in which it is important to control the 
escape of vapour from volatile liquids. The escape of vapour from such volatile liquids 
represents an environmental and occupational health concern, and a financial cost in that 

15 the vapour is lost. The current procedure for preventing or reducing vapour loss is to 

provide a scrubbing system on tanks, containers or stacks in which the volatile liquid, or 
the vapour is stored. While the scrubbing system may reduce or even eliminate the 
environmental concerns of vapour loss, it does not overcome the cost of the loss of such 
vapour. Further, the used scrubbing material may in itself present an environmental 

20 disposal problem. Examples of such containers include oi! storage tanks and gasometers. 

Other examples include the containment of vapours from stacks or from recycled solvents 
in processes such as gun-washing in automotive paint shops. 
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Currently the common practice tor purifying and recovering contaminated volatile 
solvents is distillation and condensation. Typically the solvent is boiled such that a vapour 
is formed. The vapour is then allowed to pass through a spiral or serpentine tube where it 
is cooled bv heat exchange with air blown across the tube or with another liquid which 
flows around the outside of the tube. The heat exchange leads to condensation into the 
liquid phase inside the tube. This liquid phase then runs off into an open collection vessel. 
This method has a disadvantage in that as the vapour condenses in the tube, it has the 
potential for the build-up of back pressure within the distillation vessel which gives rise to 
a "champagne effect", i.e. vigorous boiling and cavitation, rather than controlled 
evaporation. This has the consequence of a potential safety hazard, reduced efficiency, and 
increased operating costs. 

Further, the run off into an open collection vessel used in conventional systems leads to a 
loss of volatile solvent to the environment. This loss of solvent from an open collection 
vessel to the environment reduces the recovery of the solvent and causes an environmental 
hazard for operators around such tanks. 

A further problem with conventional processes is the presence of uncondensed vapour 
in the collection vessel. Further, sealing the collection vessel, or the connection to the 
collection vessel from the distillation vessel in conventional systems causes pressure 
buildup unless vented. Such a pressure buildup or back pressure caused by uncondensed 
vapour in the collection vessel, or the conduit leading thereto can result in "foaming" in the 
distillation vessel. In order to prevent buildup of back pressure in the collection vessel and 



SUBSTITUTE SHEET (RULE 26) 



WO 01/03810 PCT/CA00/00807 
consequently the distillation vessel, the collection vessel must be vented. Similarly, any 

vessel in which, or into which, a volatile solvent is placed requires a vent in order to avoid 

vapour lock. Conventional methods of venting lead to loss of volatile solvent in the form of 

vapour into the atmosphere, thereby further reducing the efficiency of conventional 

methods of distillation and condensation and creating an environmental hazard. 



Hence, there is a need for a method of condensing a volatile vapour which will 
ideally prevent any significant loss of volatile solvent from the system, and enhance 
recovery and condensation of the vapour to liquid. The consequence of this increased 
10 recovery of volatile vapour is a decrease in the overall cost of the vapour recovery, 
improved safety of the system, and a reduction in potential environmental harm. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a vapour recovery system for efficient 
15 and safe recovery of a vapour from a solvent comprising: 

a distillation module comprising a distillation chamber for the solvent and heating 
means for heating the chamber to vaporize the solvent; 

a direct condensation module comprising a container for condensing the vapour and 
collecting the solvent in the liquid phase; 
20 conduit means for directing the vapour substantially without condensation from the 

distillation chamber to the direct condensation module, the conduit means sloping 
downwardly towards the distillation chamber to allow any condensate formed within the 
conduit to drain into the distillation chamber; 
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a vapour management module for condensing vapour remaining uncondensed by the 

direct condensation module: and 

a vapour outlet located above the surface of the liquid in the direct condensation 
module, the vapour outlet communicating with the vapour management module to allow for 
5 passase of vapour from the direct condensation module to the vapour management module. 

In a further aspect of the invention, a vapour management system comprises a 
container containing heat absorbing material, a vent, a vapour inlet and means for guiding 
vapour from the vapour inlet through the heat absorbing material to the vent. The vapour 
1 0 may be guided through the container by means of a conduit extending between the vapour 
inlet and the vent, the conduit passing through the heat absorbing material. Alternatively, 
the container may contain solid heat absorbing material which is permeable to vapour and 
condensation and through which the vapour passes from the vapour inlet to the vent. 

\ 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fieure 1 is a schematic view of a preferred embodiment of the vapour recovery 
system comprising a distillation unit, a direct condensation module and a vapour 
management module. 

20 Fieure 2 is a sectional view of a preferred embodiment of the distillation unit of the 

vapour recovery system illustrated in Figure 1 
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Fieure 3 is a sectional view of a preferred embodiment of the distillation unit of the 
vapour recovery system illustrated in Figure 1 . in which the heating means is located at the 
upper end of the distillation chamber. 

5 Figure 4 is a sectional view of a preferred embodiment of a lined distillation chamber 

of the vapour recovery system illustrated in Figure 1 

Fieure 5 is a sectional view of a preferred embodiment of the direct condensation 
module of the vapour recovery system illustrated in Figure 1 . 

10 

Figure 6 is a sectional view of a preferred embodiment of the vapour management 
module of the vapour recovery system illustrated in Figure 1 . 

Figure 7 is a partial sectional view of an alternative embodiment of the vapour 
15 management module in which embodiment the heat absorbing material is in a solid form. 

Fieure 8 is a schematic representation of a heating control system that is employed in 
the distillation module to control the rate of vaporization of solvents. 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiment of a vapour recovery system for solvents according with 
the invention is shown in Figure 1. In this embodiment the vapour recovery system [10] 
comprises a distillation module [1]. a direct condensation module [11] and a vapour 
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management module [31]. In this embodiment of the invention the solvent or mixture of 
solvents to be recovered is heated in the distillation module [1] to generate solvent vapour. 
This solvent vapour is then directed through a downwardly inclined conduit [12] to a 
vapour inlet [13] to the direct condensation module [11]. This downwardly inclined conduit 
5 [ 12] in a preferred embodiment of the invention extends within and toward the bottom of 
the condensation module [11 J. There is substantially no condensation of the vapour in the 
conduit [12] but any condensate which does form runs down into the condensation module 
[11] and, therefore, no back-pressure is created by the condensate formation. The 
condensation module [11] is charged with a coolant liquid [14] which is the same solvent as 

10 that being distilled. Thus, as will be described in more detail hereinafter, in the 

condensation module [11], the vapour is subjected to a first round of cooling in which the 
heat absorbing material is the solvent to be recovered in the liquid phase [14]. Some vapour 
may pass through and exit from this liquid [14]. This vapour, plus air, then passes from 
the condensation module [11] through the vapour outlet [32] into the vapour management 

15 module [31]. In the vapour management module [31] the vapour air mixture is required to 
pass through a heat-absorbing material [44] and this heat exchange process leads to further 
condensation of vapour from the mixture. The remaining gases then leave the vapour 
management module [31] through a vent [42] and are substantially free of any solvent 
vapour. Preferably, any condensate formed in the vapour management module [31] runs 

20 back into the condensation module [11]. However the condensate formed in the vapour 
management module [31] can also be run into a secondary container, if desired. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/03810 




PCT/CAOO/00807 



In a preferred embodiment illustrated in Figure 2, the distillation module [1] 
comprises a distillation chamber [2] in which the contaminated solvent or solvent mixture 
[S] to be recovered is collected. The distillation chamber [2] is closed to prevent the escape 
of any vapour generated therein other than through the conduit [12]. The size of the 
5 conduit [12] and the opening of the vapour inlet [13] to the direct condensation module [11] 
should be adequate to allow free passage of vapour from the distillation chamber [2] 
without resulting in a pressure build up in the distillation chamber [2]. Further, the conduit 
[12] is ideally positioned toward the upper end of the distillation chamber [2] since the hot 
vapour will rise. This distillation chamber [2] sits within a larger heating vessel [3] 

10 containing an oil bath [5]. The heating vessel [3] is provided with one or more heating 
elements [4] immersed in the oil and, in operation, each heating element [4] heats the oil 
[5], which in turn heats the distillation chamber [2] at least until the solvent [S] within the 
distillation chamber reaches its boiling point and vapour is generated. Once the boiling 
point of the solvent is reached, the power supplied to the heating element is controlled to 

15 regulate the rate of vaporization of the solvent until the solvent is substantially all 
evaporated. 



It is essential that the oil [5] have a boiling point higher than that of the solvent to be 
recovered or, in the case of a solvent mixture, the boiling point of the highest boiling 
20 component of the mixture. In addition, the oil [5] should not be flammable within the 
temperature ranges in which the distillation module [1] will operate. In the preferred 
embodiment, the oil [5] in the heating vessel [3] will surround a substantial portion of the 
distillation chamber [2] (for example, to the level 5a in Figure 2) to ensure that there is 



SUBSTITUTE SHEET (RUUE 26) 



WO 01/03810 PCT/CAOO/00807 

sufficient heat to maintain the evaporated solvent in the vapour phase at least as far as the 



conduit [12]. 

While the preferred embodiment describes the means for heating the distillation 
5 chamber [2] as comprising a heating vessel [3] containing one or more heating elements [4] 
immersed in oil [5], alternative means of heating the distillation chamber [2] are possible. 
In one alternative embodiment, the means for heating the distillation chamber [2] is an 
infrared lamp [L] located toward the upper end of the distillation chamber [2] as illustrated 
in Figure 3. The heating provided by such a lamp can be regulated by rheostatic control of 
10 the intensity of the lamp. In this embodiment of the invention, the solvent [S] in the 
distillation chamber [2] is heated from the top down. This top heating provides the 
advantage that only the top layer of the liquid to be distilled needs to be heated to initiate 
distillation. Further, as the distillation progresses, it is only the energy of vaporization for 
the top layer of the liquid that needs to be provided to continue the distillation. 

15 

The distillation chamber [2] is preferably provided with an anti-vacuum valve [V] 
(Figure 2) which prevents vapour from escaping from the distillation chamber [2], but is 
triggered to allow entry of outside air when the pressure within the distillation chamber [2] 
falls below atmospheric. As the distillation chamber [2] cools down following distillation, 
20 the pressure in the distillation chamber [2] falls. Since the conduit [12] provides a passage 
from the distillation chamber [2] to the vapour inlet [13] which ccrrjriur.ica t es wi:h 
the liquid condensed in the condensation module [11], without the anti-vacuum valve [V] in 
the distillation chamber [2], the reduction in pressure would lead to a back-flow situation 
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with condensed solvent being drawn from the condensation module [11] into the conduit 

[12] through the vapour inlet [13], and thence into the distillation chamber [2]. 



In an alternative embodiment of the distillation module [1] there is a line feeding 
5 contaminated solvent directly into the distillation module [1] through source inlet [7]. In 
this embodiment, a means for preventing flow-back from the condensation module [11] to 
the distillation chamber [2] is provided. In addition, the anti-vacuum valve can be shut off 
such that any negative pressure created in the distillation chamber [2] as it cools can be 
used to draw more contaminated solvent for recycling into the distillation chamber [2] 
1 0 through source inlet [7] . This acts as a natural pump which can be used as part of the 
process since it allows continuous flow, without the need for separate pumps. 

One aspect of the current invention is a heating control system, as illustrated 
schematically in Figure 8, that is employed in the distillation module to control the rate of 
1 5 vaporization of the solvent or solvents. In the distillation module, the solvents are 

separated from the impurities in the solution and may also be separated from each other. 
The control system is designed to do this in a time efficient manner while also minimizing 
operator intervention. 

20 The heating control system has three key components, a variable heating means [61], 

for example, a plurality of the heating elements [4] of Figure 2, a temperature sensing 
means [62], for example, a temperature probe [6] (see Figure 2) which may be either a 
platinum thermistor or a thermocouple, and a control computer [63], for example, a 
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microprocessor with required software. The control computer [63], by use of a control 
law, selectively triggers relays [64] which are in series between a power supply and heating 
means [61] and which energize the heating means [61] in an ordered manner, in response 
to temperature reference signals input to the control computer [63] from the temperature 
5 sensing means [62]. In a preferred embodiment, which is especially useful where a 
mixture of solvents is to be distilled, an important element of this control system is a 
control law that allows the system to operate in 2 modes. The first mode is a solvent mode 
where the system begins to heat the mixture of solvents until the boiling point of the 
solvent with the lowest boiling point is reached. At the temperature of that lowest boiling 

10 point the power delivered to the heating means is maintained at a constant level to provide 
the energy of vaporization at a desired rate, until the first solvent has been substantially 
distilled from the solution. Once the first solvent has substantially distilled, the power 
provided to the system is no longer used to provide the required energy of vaporization and 
no further heat is being lost as a result of heated vapor, and therefore the temperature of 

15 the liquid in the distillation chamber [2] begins to rise. The power provided to the heating 
means can again be increased until the boiling point of the next solvent is reached. This 
control cvcle is repeated until the solvents have all been vaporized. 

The second mode is the water mode. In the water mode of the control system there is 
20 no advantage to stepped regulation of the temperature. Water has a relatively high specific 
heat capacity and requires significant energy input in order to boil. Therefore, in the water 
mode, it is not necessary to regulate the temperature as closely. In other words, in the 
water mode the distillation chamber and its contents can be heated continuously until the 
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evaporation is complete, at which time a timed heating cycle can then be brought into 
effect. The two modes of the control system allow the distillation chamber to be used for 
vaporization of water and organic solvents. Distillation can take place with a mixture of 
water and organic solvents, or either alone, with no significant foaming. 

5 

The power applied to the heating means [61] during the vaporization phase for any 
particular solvent provides the energy of vaporization for that solvent. Therefore, 
controlling the power applied to the heating means [61] also controls the rate of 
vaporization, and is used to maintain an equilibrium with the condensation rate of the 
1 0 vapour in the system. 

In the embodiment shown in Figure 2, the temperature sensing means is a probe [6] 
that is used to monitor the temperature of the distillation chamber [2]. The probe [6] 
detects an increase in temperature of the distillation chamber [2] as the solvent is heated. 
15 The rate of evaporation of solvent from the distillation chamber [2] is regulated by means 
of the control system of Figure 8. 

Controlling the rate of vaporization of the solvent in the distillation chamber [2] 
means that the vapour pressure in the distillation chamber [2] is closely regulated. Since 
20 the pressure differential between the distillation module [1] and the condensation module 
[11] is important, this strict regulation of vapour pressure will enhance the efficiency of 
vapour recoverv. In addition, by closely regulating the rate of vaporization of the solvent 
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it is possible to reduce the required mass for solvent condensation in the condensation 
module [11]. 

After the liquid in the distillation chamber [2] has evaporated, a timed heating cycle 
5 is brought into effect by means of a timer system (not shown) which maintains the 

temperature in the distillation chamber [2] for a predetermined period of time. This post- 
evaporation heating ensures that essentially all of the solvent to be recovered is distilled. 
Further, the continued heating drives off any residual solvents and bakes any contaminants 
in the distillation chamber [2] so that the resulting solids can be disposed of more 

10 conveniently at a lower cost and with reduced environmental problems as compared to 
unbaked contaminants. In the embodiment of the invention as illustrated in Figure 4, the 
distillation chamber [2] is lined with a bag [8] such that, following baking, the entire bag 
[8] containing the baked contaminants can be disposed of. The bag [8] is stable within the 
temperature range of the distillation chamber [2]. In addition, it is important that the bag 

15 [8] be inert with respect to the solvents to be distilled. It is clear that the bag [8] can be 
made of any material provided it is heat stable, does not react with the solvents to be 
distilled, and is non-permeable, such as Teflon (trade-mark for polytetrafluoroethylene). 

As can more clearly be seen by reference to the preferred embodiment illustrated in 
20 Figure 5. the condensation module [11] is comprised of a container [20] into which the 
vapour to be recovered enters via vapour inlet [13]. The condensation module is primed 
using a predetermined volume of the solvent to be recovered in the liquid phase [14]. This 
liquid [14] is free from contamination. The vapour entering the condensation module [11] 
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is directed by the inlet [13J to pass beneath the surface [15] of the liquid [14] such that the 



vapour bubbles through the liquid. 

Ideally, the vapour entering the condensation module [11] is forced to the bottom of 
the container [20] by the inlet [13]. Some of the vapour will be cooled by the liquid [14] 
such that it condenses and combines with the liquid. As a result of such condensation the 
level of liquid in the container [20] will rise. The condensation may lead to an increase in 
the temperature of the liquid [14] if there is no external source for cooling the liquid. 
However, the corollary increase in the volume of liquid [14] in the container [20] means 
that the vapour which subsequently enters the container [20] must travel a greater distance 
through the liquid [14]. In addition, the coolest liquid will fall to the bottom of the 
container [20] where the vapour to be condensed is entering the condensation module [11]. 

Some vapour may pass through the liquid [14] and accumulate above the surface [15] 
in the upper volume [21] of the container [20]. The only way this accumulated vapour can 
escape from the container [20] is by passing through a vapour outlet [32] positioned above 
the upper volume [21], The vapour, having entered the vapour outlet [32] from the 
condensation module [11], then passes from the outlet [32] into the vapour management 
module [31]. 

In a preferred embodiment of the invention, as illustrated by Figure 6. the vapour 
management module [31] comprises a sealed chamber [45] containing a serpentine tube 
[43] communicating with the vapour outlet [32] at its entrance end and a vent [42] at its 
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exit end. The mixture of air and solvent vapour exiting the condensation module [11] is 
directed via the outlet [32] through the tube [43]. which is surrounded by a cooling 
medium [44] inside the sealed chamber [45]. The cooling medium [44] absorbs heat and 
therefore causes further condensation of the vapour so that substantially all of the vapour 
5 escaping from the condensation module [ 1 1 ] is condensed and prevented from reaching the 
atmosphere through vent [42]. The medium [44] can be any suitable coolant medium. 
Ideally, the medium [44] will provide sufficient heat absorption for condensation of all 
vapours, such that only air exits the system through vent [42]. 

10 In one preferred embodiment of the invention, the medium [44] is water mixed with a salt 
to form a crystallized mass which has a low expansion rate and can be contained safely in 
the sealed chamber [45]. The tube [43] allows condensed solvent to flow back by gravity 
through the outlet [32] into the condensation module [11], while allowing the remaining 
uncondensed vapour (which is a very small amount, if any) and air to exit the vapour 

15 management module [31] to the atmosphere through the vent [42]. The condensate can 

continue to flow counter to the air/vapour flow, through the outlet [32] and be collected in 
the container [20] of the condensation module [1 1], or in a separate container. 

The container [20] may be provided with a tap [T]. which can be used to drain the 
20 liquid [14]. Ideally, this tap is situated below the surface [ 15] of the liquid, and the closer 
to the base of the container [20]. the more liquid [14] can easily be drained off. The 
advantage of this arrangement is that liquid [14] being collected can be accessed at any time 
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without losing vapour from the system. Further, condensed liquid [141 can be removed 
from the container [20] without interruption of the condensation. 

If desired, a downwardly sloping overflow pipe [D] may he provided in the container 
5 [20] at a predetermined overflow level. As the level [15] of liquid [14] rises to that 

overflow level, a fixed volume of liquid is maintained in the container [20]. Any liquid 
[14] in excess of that volume enters the overflow pipe and runs by gravity into a collection 
vessel. This provides an advantage in that a large volume of material can be used as the 
coolant. 

10 

In another embodiment of the vapour management module [31], as illustrated in 
Figure 7, the air/solvent vapour mixture is allowed to pass from the outlet [32] to the vent 
[42] without the use of a tube [43]. In this embodiment, the material [44] is a solid material 
for example, ball bearings or glass chips, through which the vapour and condensate are 

15 able to pass. The material may be prevented from falling back through the outlet [32] into 
the container [20] either by selecting the size of the material particles to be sufficiently 
large, or by the insertion of a support member [46] which is permeable to both the liquid 
[14] and the air/vapour mixture, but through which the material [44] cannot pass. 
Maximizing the ratio of the heat exchange surface to the volume of vapour passing into the 

20 vapour management module [31] increases the efficiency of the condensation in the vapour 
management module [31]. 
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In accordance with the present invention, the vapour management module [31] can be 
designed such that essentially no vapour exits the vent [42]. This is achieved by ensuring 
that the rate of heat input does not exceed the rate of heat absorption in the vapour 
management module. It is clear that factors such as the rate of vapour flow, the vapour 
temperature, the heat absorption properties of the material and the path length through the 
vapour management module are important. In one embodiment of the invention, the heat 
absorbing material is a crystalline salt, the pipe [43] is of 12mm bore and 75 cm in length, 
made of heat conductive metal such as copper, and the heat input to the vapour 
management module in the form of vapour is 1500W. 

In selecting the appropriate solid material [44] in the above embodiments, ideally the 
material should allow the vapour to flow through at approximately atmospheric pressure, 
provide the required absorption of heat, and allow the condensed liquid [14] to flow by 
gravity back to a reservoir. 

Those skilled in the art will appreciate that various combinations of condensation 
modules [11] and vapour management modules [31] are possible. Further, it is possible to 
use either the condensation module or the vapour management module in isolation from the 
system, provided there is an input of vapour to such modules. It is possible to use the 
vapour management module [31] to recover vapour from any vent or exhaust. Examples of 
situations where the vapour management module [31] could be used are on a vent to an oil 
storage tank, a vent on a gasometer, or a vapour stack of a spray booth. In these situations, 
the vapour would arise as a consequence of evaporation of the liquid to be recovered. 
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Condensate formed in such vapour management modules can then run back by gravity into 
the vent and ultimately back to the container of the liquid to be recovered, or to another 
container. It is clear to those skilled in the art that in these situations the heat absorbing 
material must be cooler than the vapour to be recovered. 

5 

Further, while the preferred embodiment utilizes both a condensation module [11] 
and a vapour management module [31] and has been found to have excellent results, each 
solvent to be recovered will have different requirements. It is certainly possible to subject 
the vapour to sequential steps of direct condensation and/or to sequential vapour 
10 management modules [31]. The efficiency of vapour recovery will determine the most 
suitable module arrangement. 

It should be clear that while the preferred embodiments described above describe 
specific arrangements of heat absorbing material, variations are possible. For example, it is 

15 not essential to have any liquid in the condensation module [11] prior to initiation of 

condensation. Alternatively, any material that absorbs heat from the vapour but does not 
chemically react with it would be suitable to use within the condensation module, including 
a solid mass or air. A solid inert mass such as rocks or ball bearings are suitable to absorb 
heat in the condensation module [11]. Alternatively, air in the condensation module [11] 

20 can rapidly absorb heat from the vapour entering the condensation module [11] since heat 
exchange is rapid between gases. Any liquid [14] accumulating as a result of condensation 
in the condensation module [11] also acts to absorb heat from the vapour. 
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While only specific embodiments of the invention have been described, it is apparent 
that various additions and modifications can be made thereto, and various alternatives can 
be selected. It is, therefore, the intention in the appended claims to cover all such 
additions, modifications and alternatives as may fall within the true scope of the invention. 



10 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE ARE CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A solvent vapour recovery system comprising: 

5 a distillation module comprising a distillation chamber for said solvent and heating 

means for heating said chamber to vaporize the solvent; 

a direct condensation module tumpi imuu a container tor condensing the vapour and 
collecting the solvent in the liquid phase; 

conduit means for directing the vapour substantially without condensation from said 
10 distillation chamber to the direct condensation module, said conduit means sloping 

downwardly towards said distillation chamber to allow any condensate formed within said 
conduit to drain into said distillation chamber; 

a vapour management module for condensing vapour remaining uncondensed by said 
direct condensation module; and 

15 a vapour outlet located above the surface of said liquid in said direct condensation 

module, said vapour outlet communicating with said vapour management module to allow 
for passage of vapour from the direct condensation module to the vapour management 
module. 
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2. The apparatus of claim 1 wherein the container holds a heat absorbing material 
through which said vapour is passed. 

3. The apparatus of claim 2 wherein the heat absorbing material comprises the vapour to 
be recovered in its liquid phase. 

5 4. The apparatus of claim 2 wherein the heat absorbing material is air. 

5. The apparatus of claim 2 wherein the heat absorbing material is an inert solid mass. 

6. The apparatus of ciaim 2 wherein the heat absorbing mairiiai cuiiipuses a 
combination of the vapour to be recovered in its liquid phase and an inert solid mass. 

7. The apparatus of claim 3 or 6 wherein the conduit directs vapour beneath the surface 
10 of said liquid. 

8. The apparatus of any one of claims 1 - 7 wherein the conduit directs vapour to the 
bottom of said container. 

9. The apparatus of claim 3, 6 or 7 wherein the vapour outlet is above the surface of 
said liquid. 

15 10. The apparatus of any one of claims 1 - 9 wherein the distillation chamber is located 
within an oil bath which is heated by said heating means. 

11. The apparatus of claim 10 wherein the heating means comprises one or more heating 
elements located within said oil bath. 
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12. The apparatus of any one of claims 1 - 9 wherein the distillation chamber is heated by 
means of an infrared heater located within said chamber. 

13. The apparatus of any one of claims 1-12 further comprising means for connecting 
said heatmg means to a power supply and a control means for controlling the power 

5 provided by said power supply to said heating means, said control means comprising a 
computer, temperature sensing means for sensing the temperature of said distillation 
chamber and generating temperature reference signals which are provided as input signals 
to said computer and switching means for selectively providing power to said heating 
means from said power supply, said computer being programmed to apply control signals 

1 0 to said switching means to control the amount of power applied to said heating means in 
accordance with said input signals received from said temperature sensing means. 

14. The apparatus of claim 13, wherein said computer is programmed with a set of 
parameters based on the input signals received from the temperature sensing means which, 
if exceeded, will activate said switching means to perform an ordered shutdown of said 

1 5 heating means by selectively activating said switching means to disconnect said heating 
means from said power supply 

15. The apparatus of claim 13, wherein the temperature sensing means comprises one or 
more platinum thermistor temperature probes. 

16. The apparatus of claim 13, wherein said heating means consists of at least one 
20 heating element. 
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17. The apparatus of claim 13, wherein said heating means consists of a direct heating 
means . 

18. The apparatus of claim 17. wherein said heating means consists of an infrared heating 
lamp. 

5 19. The apparatus of claim 13, wherein said switching means comprises one or more 
relays. 

20. The apparatus of claim 13, wherein said heating means consists of a plurality of 
heating elements and said switching means comprises a plurality of relays respectively 
connecting said heating elements to said power supply. 

10 21. The apparatus of claim 13, wherein said computer is programmed with a control law 
so that when a mixture of solvents including an aqueous component is to be distilled in said 
distillation chamber, said computer runs a distillation procedure wherein the heating means 
raises the solution to a temperature causing the solvent with the lowest boiling point to 
vaporize, the temperature is then maintained until the aforementioned solvent is 

15 substantially removed from the solution, at which time the temperature is raised again until 
the solvent with the next lowest boiling point begins to vaporize and the process is then 
repeated until all solvents have been distilled off. 

22. The apparatus of claim 13. wherein computer controls said switching means to vary 
the input to the heating means to balance the rate of vaporization of a solvent with the rate 
20 of condensation of the same solvent in a separate, but connected, container. 
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23 The apparatus of claim 1 , wherein said vapour management module comprises a 
container containing heat absorbing material and a conduit extending between said vapour 
outlet of said direct condensation module and a vent, said conduit passing through said heat 
absorbing material. 

5 24. The apparatus of claim 23, wherein said vent is at a higher elevation than said vapour 
outlet of said direct condensation module. 

25. The apparatus of claim 23 or 24 wherein the heat absorbing material is a liquid. 

26. The apparatus of claim 23 or 24 wherein the heat absorbing material is crystalline. 

27. The apparatus of claim 23 or 24 wherein the heat absorbing material is water mixed 
10 with a salt to form a crystallized state. 

28. The apparatus of claim 1, wherein said vapour management module comprises a 
container containing solid heat absorbing material which is permeable to vapour and 
condensation through which said vapour passes from said direct condensation module to 
said vent. 

15 29. The apparatus of claim 28 wherein the heat absorbing material is steel ball bearings. 
30. The apparatus of claim 28 wherein the heat absorbing material is glass chips. 
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31. The apparatus of any one of claims 28 - 30 wherein a support member is provided m 
said vapour outlet of said direct condensation module, said support member being 
permeable to vapour and condensation and impermeable to said heat absorbing material. 

32. The apparatus of any one of claims 1-31 wherein the container of said direct 
condensation module is provided with a drainage means for draining liquid therefrom. 

33. The apparatus of claim 32 wherein the drainage means comprises a tap. 

34. The apparatus of claim 32 wherein the drainage means comprises an overflow pipe in 
said container. 

35. A vapour management system comprising a container containing heat absorbing 
material, a vent, a vapour inlet and means for guiding vapour from said vapour inlet 
through said heat absorbing material to said vent. 

36. The apparatus of claim 1, wherein said vapour management module comprises a 
container containing heat absorbing material and a conduit extending between said vapour 
inlet and said vent, said conduit passing through said heat absorbing material. 

37. The apparatus of claim 35, wherein said vapour management module comprises a 
container containing solid heat absorbing material which is permeable to vapour and 
condensation through which said vapour passes from said vapour inlet to said vent. 

38. The apparatus of claim 37 wherein the heat absorbing material is steel ball bearings. 
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39. The apparatus of claim 37 wherein the heat absorbing material is glass chips. 

40. The apparatus of any one of claims 37 - 39 wherein a support member is provided in 
said vapour inlet, said support member being permeable to vapour and condensation and 
impermeable to said heat absorbing material. 
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FIG. 1 
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FIG. 2 
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FIG. 5 
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